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Abstract: Here we describe the synthesis of electron-rich PXX 
derivatives in which the energy levels of the excited states have 
been rigidly shifted through the insertion of imide groups. This 
has allowed the development of a new series of oxygen-doped 
photoredox-active chromophores with improved oxidizing and 
reducing properties. Capitalizing on the dehalogenation of organic 
halides as a model reaction, we could investigate the 
photooxidative and photoreductive potential of these molecules in 
model chemical transformations. Depending on the substrate, 
solvent and dye the reaction mechanism can follow different paths. 
This prompted us to consider the first chemoselective 
transformation protocol, in which two different C-Br bonds could 
be chemoselectively reacted through the sequential photoactivation 
of two different colorants. 
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Introduction 
Chromophores[1] are attracting great interest in organic chemistry 
for their open-shell configuration of excited states which are 
able to emit light or trigger chemical transformations.[2–4] In 
particular, organic chromophores are emerging as metal-free 
alternatives to highly exploited, yet expensive, Ru(II)- and 
Ir(III)-complexes.[5–10] Until now, efforts in the field have rarely 
focused on the rational design of dyes featuring excited states 
with tailored photoredox properties.[11,12] In fact, understanding 
the behavior of chromophores depicting programmed redox potentials 
in photo-triggered chemical transformations is crucial to unravel 
those mechanistic insights that otherwise would be difficult 
because of their intrinsic irreversibility.[13,14] Furthermore, 
gaining control on the redox potentials of excited states could 
enable the development of chemoselective reactions triggered by 
specific excitation wavelengths, as recently proposed by König et 
al.[15] 
 
O
O
peri- 
functionalization
edge- 
functionalization
oxaside- 
functionalization
  
Figure 1. Structure of PXX and normalized absorption and emission spectra in 
CH2Cl2 at r.t. 
 
Our group is interested in engineering heteroatom-doped polycyclic 
aromatic chromophores that are significant for optoelectronic 
applications.[16] One of our targets is peri-xanthenoxanthene 
(hereafter abbreviated PXX), the O-doped analogue of anthanthrene 
(Figure 1).[16–20] Building on a high-yielding protocol, we 
synthesized π-extended versions of PXX and corroborated their 
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electron donor properties by raising the HOMO energy level.[16] 
Considering the Vis-absorbing bandgap, with minor Stokes shift and 
strong charge injection properties,[21] we have considered that PXX 
could be an excellent chromophore to promote exergonic photo-
induced single electron transfer (ET). Through the insertion of 
EWGs at the peri-positions (Figure 1), it is expected that one can 
tune the frontier orbital energy levels of PXX, and thus the redox 
properties of its excited states.[22] This conjecture led us to 
design structural mimics of the well-known perylene-diimide 
(PDI)[23] molecules in which a PXX exposes either one (PXXMI) or two 
(PXXDI) electron-depleting alkylimide groups (Scheme 1).[23,24] 
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Scheme 1. a): Br2, dioxane, reflux, 2.5h; b): DIPEA, n-octylamine, dioxane, 
reflux, 20h; c): K2CO3, CH3I, CH3CN, reflux, 4h; d): Cs2CO3, B2Pin2, [Pd(dba)2], 
SPhos, dioxane, reflux, 18h; e): Cs2CO3, [Pd(dba)2], SPhos, dioxane, reflux, 16h; 
f,g): BBr3, CH2Cl2, 0°C to r.t., 16h; h,i): PivOH, CuI, DMSO, 120° C, 5h. 
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Results and discussion 
Synthesis. Our investigations commenced with the syntheses of 7 
(PXXDI) and 10 (PXXMI) (Scheme 1). Regioselective bromination[25] of 
hydroxyl-naphthalenyl derivative 1 gave anhydride 2, which could 
be transformed into 3.[26] Subsequent methylation with MeI gave 4 
with an overall yield of 92%. 5 was obtained in 49% yield by a 
two-step protocol including the in-situ preparation of the 
boronate derivative from B2Pin2 through Miyaura borylation 
reaction[27] and subsequent Suzuki cross-coupling[28] with bromo-
derivative 4 in the presence of [Pd(dba)2], SPhos, and Cs2CO3.[29] 
Similarly, Suzuki cross-coupling of methoxy-naphthalenboronic acid 
with 4 gave 8 in 94% yield.[30] Demethylation of 5 and 8 with BBr3 
afforded binaphthols 6 and 9, respectively. CuI-promoted oxidative 
ring-closure[19] of 6 and 9, gave target compounds PXXDI and PXXMI 
in 77% (34% over six steps) and 86% (72% over six steps) yield, 
respectively. PXX[19] and reference molecule PDI[31] were also 
prepared.  
Table 1. Photophysical data in aerated solvents at r.t. 
C6H6 
 Absorption Emission 
 λ, nm (ε, M-1 cm-1) 
λmax (nm) 
τ 
(ns)[a] Φ
[b] 
PXX 444 (17500) 449 5.0 0.71[c] 
PXXMI 524 (17600) 546 7.6 0.71 
PXXDI 539 (35900) 549 3.3 0.39 
CH2Cl2 
PXX 443 (17300) 450 5.0 0.62[c] 
PXXMI 525 (17800) 564 9.2 0.68 
PXXDI 538 (43500) 548 3.2 0.39 
PDI 524 (75000) 532 4.5 1.00 
CH3CN 
PXX 439 (-) 447 5.1 0.60[c] 
PXXMI 519 (-) 570 9.8 0.61 
PXXDI 535 (-) 548 3.4 0.34 
[a]λex = 372 or 459 nm. [b]Standard: Rhodamine 6G in EtOH (Φ 
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= 0.94). [c]Standard: coumarine 153 in EtOH (Φ = 0.53). 
 
Photophysical and electrochemical characterization. While PXX 
depicts the lowest energy electronic transition around 440 nm in 
CH2Cl2, PXXMI and PXXDI display red-shifted bands centered at 525 
and 538 nm, respectively (Figure 2a). These absorption features 
are very similar to those of PDI.[22] Consistently, the luminescence 
spectra of both PXXMI and PXXDI (Figure 2b) show analogous 
emission profiles and properties (Φ = 0.7-0.4; τ = 3 – 9 ns) to 
that of PDI. Similar properties were also measured in CH3CN and 
C6H6 (Table 1).  
 
Figure 2. A) Absorption and B) normalized emission spectra of PXX (……), PDI (-.-
.), PXXMI (—) and PXXDI (---) in air-equilibrated CH2Cl2 at r.t. (λex = 415, 480, 
488 and 466 nm, respectively). C) Normalised transient absorption spectra of 
PXXDI (top), PXXMI (middle) and PXX (bottom) solutions in deaerated C6H6 
(~1.0x10-5 M). The grey lines indicate ΔOD = 0 in each case. For PXXDI and PXXMI: 
λpump = 532 nm; for PXX: λpump = 355 nm. TA spectra recorded 500 ns after 
photoexcitation. 
 
Since no detectable phosphorescence was observed even at low 
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temperatures,[20,21] no precise determination of the energy of the 
triplet excited state is achieved. Nevertheless, we observed 
effective population of the excited triplet states for all three 
PXX derivatives by transient absorption spectroscopy (Figure 2c) 
in deaerated C6H6 (obtained through several freeze-pump-thaw cycles 
using N2 as the purge inert gas and a 10-4 bar vacuum) upon 
excitation at 355 nm (PXX) and 532 nm (PXXMI-PXXDI). C6H6 was 
chosen as the solvent, considering the high solubility of the 
three dyes. Under these conditions, nanosecond resolved temporal 
decay of the excited triplet states exhibit exponential kinetics, 
concomitant with restoration of the respective photobleached 
ground states with averaged lifetimes of ca. 35 µs for PXX and 50 
µs for PXXMI and PXXDI (Figures S34-S35, SI). No qualitative 
differences in spectra were observed when PXXMI or PXXDI were 
pumped at λex = 355 nm. As expected, recovery times are heavily 
affected by the presence of O2 in solution (Figure S36, SI),[20] 
with estimated quenching constants greater than 3x108 M-1s-1 both 
for PXXMI and PXXDI. 
Cyclic voltammetry (CV) was used to assess the redox properties of 
the PXX derivatives (Figures S39-S42, SI). As it clearly appears 
from Table 2, the insertion of one (PXXMI) and two (PXXDI) imides 
increases the oxidative character (E1/2red = -1.87 and -1.54 eV vs. 
Fc+/Fc in ODCB, respectively) and lessens the reductive properties 
(E1/2ox = 0.63 and 0.92 eV in ODCB, respectively) of PXX.[17] The 
reference molecule PDI displays the strongest oxidizing character, 
with two reductions at -1.16 and -1.34 eV.[32] Similar redox 
properties were also measured in CH3CN and CH2Cl2, suggesting a 
negligible effect of the solvent polarity on the reduction and 
oxidation potential values. 
From the combination of photophysical and redox properties, it 
results that the redox potentials of the singlet excited states 
are conveniently shifted by insertion of the imide subunits 
(Figure 3) and, most notably, PXXMI and PXXDI are respectively 
stronger reducer and oxidizer at their singlet excited states 
compared to the triplet state of the widely employed complex 
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[Ru(bpy)3]2+. On the other hand, the singlet excited state of PXX 
is both a greater oxidizer and reducer with respect to the triplet 
state of [Ir(ppy)3]. These data prompted us to consider the use of 
these new PXX derivatives to trigger chemical reactions. 
 
Table 2. CV data in ODCB, CH2Cl2 and CH3CN at r.t. Peak separations in mV are 
indicated in brackets. Right: LUMO and HOMO orbitals calculated at the 
B3LYP/6-31G* level of theory. 
 
 
 ODCB (eV vs. Fc+/Fc) LUMO HOMO 
 E1/2ox,1[a] E1/2red,1[a] E1/2red,2[a] ΔEHL PXX 
   
 
PXXMI 
    
PXXDI 
   
PXX 0.30(111) nd nd nd 
PXXMI 0.63(92) -1.87(63) nd 2.40 
PXXDI 0.92(78) -1.54(77) -1.75(61) 2.46 
PDI nd -1.16(75) -1.34(76) nd 
 CH2Cl2 (eV vs. SCE) 
PXX 0.77(87) nd nd nd 
PXXMI 1.10(67) -1.31(60) nd 2.41 
PXXDI 1.41(80) -1.01(110) -1.19(92) 2.42 
CH3CN (eV vs. SCE) 
PXX 0.77(87) -2.16(75) -2.40[b] 2.93 
PXXMI 1.04(74) -1.25(65) nd 2.29 
[a]Halfwave potentials unless differently specified. [b]Peak potential. "nd" 
stands for "not detected". 
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Figure 3. HOMO and LUMO energy levels of PXX, PXXMI, PXXDI, and PDI-diphenyl,[32] 
in CH3CN (except for PXXDI and PDI-diphenyl that were estimated in CH2Cl2 and 
CH3CN:CHCl3, respectively). Dashed lines: reduction (M+/M*) and oxidation (M*/M-) 
potentials of the singlet excited states. 
 
Phototriggering chemical dehalogenation reactions. We focused our 
attention on the dehalogenation[33,34] as a model transformation 
(Table 3) which can be triggered by photoinduced electron transfer 
to and from the different PXX derivatives. For example, when 
irradiating a degassed solution of PhCOCH2Br at 520 nm in the 
presence of DIPEA and either PXX, PXXMI or PXXDI, full conversion 
of PhCOCH2Br into PhCOCH3 was observed by GC-MS analysis (Table 3, 
entry 1) after 24 h in CH3CN (ε = 35.9). Full conversion was also 
obtained in CH2Cl2 (ε = 8.93) and C6H6 (ε = 2.28), clearly 
indicating that the chemical nature of the radical intermediates 
is insensitive to the polarity of the solvents (details in Table 
S4, SI). It is worth noting that GC-analysis of the aforementioned 
mixtures often show, even in mixtures kept in the dark, the 
presence of unidentified peaks (not taken into account for the 
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conversion determination), likely corresponding to undesirable 
byproducts formed as a consequence of the reactivity of the 
residual amount of nitroxides present in the DIPEA towards the 
halogeno-substrates.  
 
Table 3. Photoinduced dehalogenation reactions in CH3CN at 
r.t.[a] 
 
R-X Dye, DIPEA
Light, CH3CN, N2, r.t., time
RH
 
Entry Substrate Product Time (h) Conv. (%)
* 
1 
  
24 
>98 (PXX)[b] 
>98  (PXXMI)[c] 
>98  (PXXDI)[c] 
2 
 
 
48 
>98  (PXX)[b] 
0 (PXXMI)[c] 
0 (PXXDI)[c] 
3 
O
Br  
O
 
48 >98  (PXX)[b] 
4 
 
 
48 2 (PXX)[b] 
5 
  
48 73 (PXX) [b] 
6 
 
 
48 58 (PXX)[b] 
7 
  
20 >98  (PXXMI)
[c] 
>98  (PXXDI)[c] 
8 
  
96 75 (PXXMI)
[c] 
traces (PXXDI)[c] 
[a]Detailed experimental conditions in Section S4, SI. 
[b]λex=460 nm. [c]λex=520 nm. *Conversions determined by GC-MS 
analysis. 
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Notably, tiny crystals suitable for X-ray diffraction 
spontaneously formed during the dehalogenation reaction of 
PhCOCH2Br in C6H6 (details in Section S6, SI). To our surprise, X-
ray analysis showed that the crystal structure corresponded to 
that of the [H2NiPr2]Br salt (Scheme 2). Furthermore, both PXXMI 
and PXXDI can access the photoreduction of diethylbromomalonate 
(DEBM) and the consequential quantitative dehalogenation after 20 
h (Table 3, entry 7). Notably, when reacted with 
diethylchloromalonate (DECM), only PXXMI effectively triggers the 
dehalogenation (Table 3, entry 8). Conversely, when reacted with 
aromatic halides, none of the imide-based colorants gave any 
conversion. Only PXX under irradiation at 460 nm prompted the 
transformation and, more specifically, quantitative 
dehalogenations of p-bromoacetophenone (pBr-ArCOCH3) and p-
bromobenzaldehyde (pBr-ArCOH) were observed after 48 h (Table 3, 
entries 2-3) in CH3CN. Notably, low conversion was observed for 
pBr-ArCOH in CH2Cl2 and negligible conversion was observed in C6H6. 
These results suggest that for aromatic substrates, key charge 
radical intermediates are likely formed and thus better stabilized 
in polar solvents (see Tables S5 and S8, SI). In CH3CN, whilst the 
meta derivative gave good conversion (Table 3, entry 5), 
negligible dehalogenation was observed for the ortho isomer (Table 
3, entry 4).  
Spectroscopic investigations of the reaction mechanism. The 
substrate-dependent photoreactivity of the diverse PXX derivatives 
engendered a mechanistic study, by means of which we could 
disclose more in depth the chemical properties of the 
photogenerated radical intermediates during their transformation. 
Stern-Volmer analysis[35] (Table 4) showed that the fluorescence 
quenching rates observed for derivatives PXXMI and PXXDI with 
PhCOCH2Br (kq = 2.2×108 and 4.5×108 M-1s-1, respectively) are 
considerably lower than those determined with DIPEA (kq = 4.2×109 
and 5.8×109 M-1s-1) in CH3CN. This suggests that, under illumination, 
PXXMI•- and PXXDI•- are likely formed through oxidation of DIPEA 
into DIPEA•+ (Scheme 2). 
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Table 4. Singlet quenching data for PXX derivatives in CH3CN.  
Dye Quencher Quencher Eox/Ered (V vs. SCE) kq (M
-1s-1) 
 
  
PXX DIPEA 0.52/nd b 3.5×107  
PXXMI DIPEA 0.52/nd b 4.2×109  
PXXDIa DIPEA 0.52/nd b 5.8×109  
PXX PhCOCH2Br nd/-0.49 c 2.7×1010  
PXXMI PhCOCH2Br nd/-0.49 c 2.2×108  
PXXDIa PhCOCH2Br nd/-0.49 c 4.5×108  
PXX pBr-ArCOH nd/-1.76 d 1.8×1010  
PXX pBr-ArCOCH3 nd 1.3×1010  
PXXMI DECM nd 9.0×106  
PXXDIa DECM nd 3.8×107  
PXXMI DEBM nd 2.1×107  
PXXDIa DEBM nd 8.6×107  
a In CH2Cl2:CH3CN (1:1, v/v). b Data taken from reference [11]a. c Data taken 
from reference [5]. d Peak potential, from reference [36]. In figure: Stern-
Volmer kinetics for A) PXXMI/DIPEA (—, red), PXX/DIPEA (—, blue), 
PXXMI/PhCOCH2Br (---, red), PXX/pBr-ArCOCH3 (---, blue) in CH3CN at r.t. and B) 
PXXMI/DIPEA (red) and PXX/pBr-ArCOCH3 (blue) in C6H6 (….), CH2Cl2 (---) and CH3CN 
(—). 
 
 
Considering that the reaction also occurs in an apolar solvent 
like C6H6, it is reasonable to assume that PhCOCH2Br reacts with 
either PXXMI•- or PXXDI•- to give the neutral phenacyl radical 
PhCOCH2• and Br- following a concerted dissociative ET mechanism.[37] 
PhCOCH2• successively reacts with DIPEA•+ through hydrogen-atom 
transfer (HAT)[15] leading to PhCOCH3 and the relevant iminium, 
which is hydrolyzed into the [H2NiPr2]Br salt and CH3CHO. The 
crystallization of [H2NiPr2]Br in C6H6 suggests that the HAT occurs 
solely at the methylene site of DIPEA (Scheme 2). Given the 
reactivity of PhCOCH2•, one should also consider that the HAT could 
occur with DIPEA forming CH3•CHNiPr2. Being a strongly reducing 
species,[38] CH3•CHNiPr2 can in principle reduce PhCOCH2Br to yield 
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PhCOCH2• and the corresponding iminium, thereby self-propagating 
the reaction in a radical chain fashion (Scheme 2).[39] Control 
experiments in aerated solutions did not show any significant 
conversion to acetophenone or other dehalogenated species, 
suggesting that the presence of O2 (both at the triplet ground 
state and at its singlet excited state) is detrimental to the 
evolution of the radical mechanism as depicted in Scheme 2.[40] 
Furthermore, we expect that, given their slow deactivation in 
deaerated solvents (around 50 µs in C6H6 for PXXMI and PXXDI), the 
triplet excited states of imide-derivatives could also contribute 
to some extent to trigger the same transformation via an ET 
process. Preliminary triplet quenching analysis for PXXMI in the 
presence of DIPEA (Figure S37, SI) gave lower (two-orders of 
magnitude) quenching constants compared to those determined for 
singlet state quenching, while no significant variations were 
observed for the lifetime of the triplet state of PXXDI (Figure 
S38, SI). Taking all this information together, this data suggests 
that under these conditions, the triplet excited states of PXXMI 
and PXXDI do not significantly take part to the reaction 
mechanism.   
Concerning PXX, Stern-Volmer studies (Figure 4a and Table S1, SI) 
showed that the quenching rate with pBr-ArCOCH3 is considerably 
higher (kq = 1.3×1010 M-1s-1) than that determined with DIPEA (kq = 
3.5×107 M-1s-1) in CH3CN. As expected, lower quenching rates were 
observed in apolar solvents (kq = 6.9×109 and 8.2x108 M-1s-1 in CH2Cl2 
and C6H6, respectively, Figure 4b). Compared to the imide 
derivatives, this data suggests that the radical cation PXX•+ is 
likely formed with the concomitant reduction of pBr-ArCOCH3 into a 
ketyl radical anion intermediate,[41] the latter being stabilized in 
polar solvents (Scheme 2). This likely undergoes fragmentation by 
dissociative ET, producing an aryl radical •ArCOCH3 and Br- 
anion.[42] In the envisaged mechanistic scheme, PXX•+ reacts with 
DIPEA to give DIPEA•+, the latter possibly reacting with •ArCOCH3 
through hydrogen-atom transfer (HAT) to give PhCOCH3 and the 
relevant iminium. Notably, the ketyl intermediate cannot be formed 
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by direct reduction with CH3•CHNiPr2, as this would have also 
occurred in the photosystems involving PXXMI and PXXDI. 
Photodegradation under laser excitation at 355 nm, along with pBr-
ArCOH absorption, prevented the garnering of information on the 
activity of the excited triplet state of PXX. 
 
 
  
Scheme 2. Proposed photooxidative (A, for PXXMI/PXXDI) and photoreductive (B, 
for PXX) mechanisms. The crystal structure of [H2NiPr2]Br is also shown (C; 
details in Figure S43, SI). Color atoms: C grey, N blue, Br yellow. Alkyl (R•) 
and aromatic (Ar•) radicals have been detected through EPR experiments; the 
amino-radical intermediates have been hypothesized following the formation of 
the [H2NiPr2]Br byproduct. The formation of the ketyl radical anion intermediate 
for the p-bromoacetophenone has been proposed following reference [41]. 
 
To corroborate the mechanisms, EPR measurements were performed to 
identify the presence of the relevant radicals (Figures 4-6). 
Given the concentration requirements (>10-3 M) to obtain high 
signal-to-noise ratios, CH2Cl2 solutions were used. Deaerated 
mixtures containing i) PXXMI, DIPEA and PhCOCH2Br and ii) PXX, 
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DIPEA and pBr-ArCOH, were analyzed in the dark and under 
irradiation, both in the absence and presence of the α-phenyl-N-
tert-butylnitrone (PBN) spin trap. CW X-band EPR spectra of both 
reaction mixtures, kept in the dark in the absence of PBN (Figures 
4a-5a), reveal the presence of nitroxyl radicals N1• and N2•, both 
possibly derived from the dealkylation of trace DIPEA-N-oxide[43] 
(Figure S44, SI). Upon irradiation, the same signals display a 
steep increase in intensity, reaching a maximum which is likely 
caused by the consumption of residual trace O2.[44] Then, a decrease 
in signal intensity is detected within a few seconds, possibly due 
to the scavenging of the paramagnetic N1• and N2• species by 
radical recombination and/or by quenching of the excited states of 
the dye. This suggests that the nitroxides could extinguish the 
photoinduced dehalogenation reaction[45] (Figure 6b, depicting the 
variation of the EPR signal as a function of the irradiation time 
for mixture ii; see also details in Figures S49-S50, SI). Indeed, 
after this time lapse, a new series of signals started to appear 
in the EPR spectra. These can be readily assigned to the 
photogenerated radicals Ph-N2• and Ar-N2•, for mixtures i and ii, 
respectively (Figures 4b-5b, details in Figures S45-S46, SI). When 
irradiated in the presence of PBN (Figure 6a), a spectrum composed 
of a triplet of 1:1 doublets also appeared together with the 
previous signals for both reactions. These EPR signals can be 
unambiguously assigned to the nitroxyl radicals Ph-ST• and Ar-ST•, 
the latter derived from the reaction of PBN with the 
photogenerated radicals PhCOCH2• (Figure 4c) and •ArCOCH3 (Figure 
5c) in mixtures i and ii, respectively (details in Figures S47-48, 
SI). For mixture ii, evolution of the signal corresponding to Ar-
ST• as a function of the irradiation time is depicted in Figure 6a, 
displaying a steady increase after ca. 180’ of irradiation, 
suggesting the formation of Ar• and thus, the progression of the 
dehalogenation. 
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Figure 4. CW X-band EPR spectra (black traces) recorded at 298 K for CH2Cl2 
solutions of PhCOCH2Br (0.05 M), DIPEA (0.40 M) and PXXMI (2.5 mM), before (a) 
and after ca. 50’ (b) of irradiation (λex=530 nm) both in the absence (b) and 
presence (c) of PBN. EPR simulations are shown in red. The deconvoluted 
simulated spectra of radicals N1• and N2• are shown in green and blue 
respectively in a), whilst the deconvoluted simulated spectra of the Ph-ST• 
adduct and Ph-N2• radicals are shown in green and blue respectively in c). 
 
Figure 5. CW X-band EPR spectra (black traces) recorded at 298 K for CH2Cl2 
solutions of pBr-ArCOH (0.05 M), DIPEA (0.40 M) and PXX (2.5 mM), before (a) and 
after 50’ (b) of irradiation (λex=455 nm) both in the absence (b) and presence 
(c) of PBN. EPR simulations are shown in red. The deconvoluted simulated spectra 
of N1• and N2• are reported in green and blue respectively in a), whilst those of 
Ar-ST• and Ar-N2• are reported in green and blue respectively in c). Star 
indicates the magnetic field monitored during the kinetical analysis. 
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Figure 6. Evolution of the EPR signal intensity as a function of the irradiation 
time (λex=455 nm) taken at 336.6 mT in the presence of PBN (A) and at 336.7 mT in 
the absence of PBN (B) for a solution containing PXX, DIPEA and p-
bromobenzaldehyde in CH2Cl2. Black line indicates the start of the irradiation; 
red line indicates the start of the production of the Ar-ST• radical. 
Building on this mechanistic insight, one could imagine triggering 
chemoselectively the dehalogenation of distinctive C-Br groups, 
sequentially using green and blue light. In principle, this would 
give access to chemoselective transformations (alkyl or aromatic 
halide species) on the same substrate. This is a crucial issue in 
the efficient synthesis of fine chemicals and pharmaceuticals as 
well as in multistep and multicomponent reactions. To prove this 
principle, we considered the use of 2,4'-dibromoacetophenone (pBr-
ArCOCH2Br, Scheme 3), featuring two C-Br bonds having different 
reactivities.  
 
Scheme 3. Photo-triggered chemoselective dehalogenation in deaerated CH3CN, in 
the presence of PXX and PXXMI (5% mol). 
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When a solution of pBr-ArCOCH2Br, DIPEA, PXX and PXXMI was 
irradiated with green light for 30 h, the α-dehalogenated product 
could be selectively obtained. Subsequent irradiation with blue 
light for 44 h quantitatively afforded PhCOCH3. Given the low 
concentration of the dyes (5% mol), we can consider that in the 
mixture each chromophore acts orthogonally upon its selective 
excitation following the mechanisms proposed in Scheme 2. The 
mutual quenching between the two chromophores has been found to be 
efficient in the case of the singlet excited state of PXXMI, with 
a constant approaching the diffusion limit (~2.5x1010 M-1 s-1, 
Figure S32, SI). However, in the presence of an excess of DIPEA 
(ca. 0.25 M) only 3% of singlet excited states of PXXMI can be 
effectively intercepted by PXX (see note in the SI below Figure 
S32). To corroborate these assumptions, we perform the 
dehalogenation reactions under more diluted conditions (0.42 mM). 
As expected, the desired sequence of products could be obtained 
although with lower conversion (Table S12, SI). 
Conclusions 
In summary, we have succeeded in synthesizing a new series of PXX 
derivatives in which the energy levels of the excited states have 
been tailored through the insertion of imide groups. This allowed 
the syntheses of new photoredox active chromophores, with redox 
potentials of the singlet excited states comparable to those of 
widely used inorganic triplet photocatalysts such as [Ru(bpy)3]2+ 
and [Ir(ppy)3]. Capitalizing on the dehalogenation of organic 
halides as a model reaction, we could propose the oxidative and 
reductive mechanistic pathways controlling a specific 
transformation in the presence of the relevant dye. Given the 
contemporary importance of finding sustainable methodologies in 
organic chemistry, this work demonstrates that the expansion of 
the chemical space of photoinduced organic transformations and the 
study of their mechanism should also pass through the development 
of chromophores featuring tailored photoredox properties.  
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